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APPENDIX A TO SUBPART A OF PART 53—
REFERENCES

(1) American National Standard Quality
Systems—Model for Quality Assurance in
Design, Development, Production, Installa-
tion, and Servicing, ANSI/ISO/ASQC Q9001-
1994. Available from American Society for
Quality, P.O. Box 3005, Milwaukee, WI 53202
(hitp:/qualitypress.asq.org).

(2) American National Standard Quality
Systems for Environmental Data and Tech-
nology Programs—Requirements with guid-
ance for use, ANSI/ASQC E4-2004. Available
from American Society for Quality P.O. Box
3005, Milwaukee, WI 53202 (http://
qualitypress.asq.org).

(3) Dimensioning and Tolerancing, ASME
Y14.5M-1994. Available from the American
Society of Mechanical Engineers, 345 East
47th Street, New York, NY 10017.

(4) Mathematical Definition of Dimen-
sioning and Tolerancing Principles, ASME
Y14.5.1M-1994. Available from the American
Society of Mechanical Engineers, 345 East
47th Street, New York, NY 10017.

(5) ISO 10012, Quality Assurance Require-
ments for Measuring Equipment-Part 1: Me-
teorological confirmation system for meas-
uring equipment):1992(E). Available from
American Society for Quality Control, 611
East Wisconsin Avenue, Milwaukee, WI 53202.

(6) Quality Assurance Guidance Document
2.12. Monitoring PM,s in Ambient Air Using
Designated Reference or Class I Equivalent
Methods. U.S. EPA, National Exposure Re-
search Laboratory, Research Triangle Park,
NC, November 1998 or later edition. Cur-
rently available at http:/www.epa.gov/ttn/
amtic/pmgainf.html.

[62 FR 38784, July 18, 1997, as amended at 71
FR 61278, Oct. 17, 2006]
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Subpart B—Procedures for Testing
Performance Characteristics
of Automated Methods SO,,
CO, O3, and NO,

§53.20 General provisions.

(a) The test procedures given in this
subpart shall be used to test the per-
formance of candidate automated
methods against the performance spec-
ifications given in table B-1. A test an-
alyzer representative of the candidate
automated method must exhibit per-
formance better than, or equal to, the
specified value for each such specifica-
tion (except Range) to satisfy the re-
quirements of this subpart. Except as
provided in paragraph (b) of this sec-
tion, the range of the candidate meth-
od must be the range specified in table
B-1 to satisfy the requirements of this
subpart.

(b) For a candidate method having
more than one selectable measurement
range, one range must be that specified
in table B-1 (standard range for SO,),
and a test analyzer representative of
the method must pass the tests re-
quired by this subpart while operated
in that range. The tests may be re-
peated for one or more broader ranges
(i.e., ones extending to higher con-
centrations) than the range specified in
table B-1, provided that the range does
not extend to concentrations more
than four times the upper range limit
specified in table B-1. For broader
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ranges, only the tests for range (cali-
bration), noise at 80% of the upper
range limit, and lag, rise and fall time
are required to be repeated. The tests
may be repeated for one or more nar-
rower ranges (ones extending to lower
concentrations) than that specified in
table B-1. For SO, methods, table B-1
specifies special performance require-
ments for narrower (lower) ranges. For
methods other than SO,, only the tests
for range (calibration), noise at 0% of
the measurement range, and lower de-
tectable limit are required to be re-
peated. If the tests are conducted or
passed only for the specified range
(standard range for S0O,), any FRM or
FEM method determination with re-
spect to the method will be limited to
that range. If the tests are passed for
both the specified range and one or
more broader ranges, any such deter-
mination will include the additional
range(s) as well as the specified range,
provided that the tests required by sub-
part C of this part (if applicable) are
met for the broader range(s). If the
tests are passed for both the specified
range and one Or more nharrower
ranges, any FRM or FEM method de-
termination for the method will in-
clude the narrower range(s) as well as
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the specified range. Appropriate test
data shall be submitted for each range
sought to be included in a FRM or FEM
method determination under this para-
graph (b).

(¢c) For each performance specifica-
tion (except Range), the test procedure
shall be initially repeated seven (7)
times to yield 7 test results. Each re-
sult shall be compared with the cor-
responding specification in table B-1; a
value higher than or outside that speci-
fied constitutes a failure. These 7 re-
sults for each parameter shall be inter-
preted as follows:

(1) Zero (0) failures: Candidate meth-
od passes the performance parameter.

(2) Three (3) or more failures: Can-
didate method fails the performance
parameter.

(3) One (1) or two (2) failures: Repeat
the test procedures for the parameter
eight (8) additional times yielding a
total of fifteen (15) test results. The
combined total of 15 test results shall
then be interpreted as follows:

(i) One (1) or two (2) failures: Can-
didate method passes the performance
parameter.

(ii) Three (3) or more failures: Can-
didate method fails the performance
parameter.

TABLE B—1—PERFORMANCE SPECIFICATIONS FOR AUTOMATED METHODS

SO,
Performance parameter Units 1 st 5 Lower O3 CcO NO- gg{ 'B':é%g%ﬁgi
. range range 23

1. RaNGE ..o | PPM s 0-0.5 <0.5 0-0.5 0-50 0-0.5 Sec. 53.23(a).
2. Noise .. 0.001 0.0005 0.005 0.5 0.005 | Sec. 53.23(b).
3. Lower detectable limit 0.002 0.001 0.010 1.0 0.010 | Sec. 53.23(c).
4. Interference equivalent

Each interferent ................ ppm ........ +0.005 4+0.005 +0.02 +1.0 +0.02 | Sec. 53.23(d).

Total, all interferents ........ | ppm ........ — — 0.06 1.5 0.04 | Sec. 53.23(d).
5. Zero drift, 12 and 24 hour .......... | ppm ........ +0.004 +0.002 +0.02 +1.0 +0.02 | Sec. 53.23(e).
6. Span drift, 24 hour

20% of upper range limit Percent ... — — +20.0 +10.0 +20.0 Sec. 53.23(¢e).

80% of upper range limit Percent ... +3.0 +3.0 +5.0 +2.5 +5.0 Sec. 53.23(€e).
7. Lag time ... Minutes ... 2 2 20 10 20 Sec. 53.23(e).
8. Rise time Minutes ... 2 2 15 5 15 Sec. 53.23(e).
9. Fall time Minutes ... 2 2 15 5 15 Sec. 53.23(e).
10. Precision

20% of upper range limit ppm ........ — — 0.010 0.5 0.020 | Sec. 53.23(e).

Percent ... 2 2 | e | e | e Sec. 53.23(¢e).
80% of upper range limit ppm ....... — — 0.010 0.5 0.030 | Sec. 53.23(e).
Percent ... 2 2 — — — Sec. 53.23(e).

1. To convert from parts per million (ppm) to ug/m3 at 25 °C and 760 mm Hg, multiply by M/0.02447, where M is the molecular

weight of the gas. Percent means percent of the upper range limit.

2. Tests for interference equivalent and lag time do not need to be repeated for any lower SO, range provided the test for the
standard range shows that the lower range specification is met for each of these test parameters.

3. For candidate analyzers having automatic or adaptive time constants or smoothing filters, describe their functional nature,
and describe and conduct suitable tests to demonstrate their function aspects and verify that performances for calibration, noise,
lag, rise, fall times, and precision are within specifications under all applicable conditions. For candidate analyzers with operator-
selectable time constants or smoothing filters, conduct calibration, noise, lag, rise, fall times, and precision tests at the highest
and lowest settings that are to be included in the FRM or FEM designation.

4. For nitric oxide interference for the SO, UVF method, interference equivalent is +0.003 ppm for the lower range.

22



Environmental Protection Agency

(d) The tests for zero drift, span drift,
lag time, rise time, fall time, and precision
shall be combined into a single sequen-
tial procedure to be conducted at var-
ious line voltages and ambient tem-
peratures specified in §53.23(e). The
tests for noise, lower detectable limit, and
interference equivalents shall be made at
any temperature between 20 °C. and 30
°C. and at any normal line voltage be-
tween 105 and 125 volts, and shall be
conducted such that not more than
three (3) test results for each param-
eter are obtained per 24 hours.

(e) All response readings to be re-
corded shall first be converted to con-
centration units according to the cali-
bration curve constructed in accord-
ance with §53.21(b).

(f) All recorder chart tracings,
records, test data and other docu-
mentation obtained from or pertinent
to these tests shall be identified, dated,
signed by the analyst performing the
test, and submitted.

NOTE: Suggested formats for reporting the
test results and calculations are provided in
Figures B-2, B-3, B4, B-5, and B-6 in appen-
dix A. Symbols and abbreviations used in
this subpart are listed in table B-5, appendix
A.

[40 FR 7049, Feb. 18, 1975, as amended at 40
FR 18168, Apr. 25, 1975; 41 FR 52694, Dec. 1,
1976; 75 FR 35598, June 22, 2010]

§53.21 Test conditions.

(a) Set-up and start-up of the test ana-
lyzer shall be in strict accordance with
the operating instructions specified in
the manual referred to in §53.4(b)(3).
Allow adequate warm-up or stabiliza-
tion time as indicated in the operating
instructions before beginning the tests.
The test procedures assume that the
test analyzer has an analog measure-
ment signal output that is connected
to a suitable strip chart recorder of the
servo, null-balance type. This recorder
shall have a chart width of a least 25
centimeters, chart speeds up to 10 cm
per hour, a response time of 1 second or
less, a deadband of not more than 0.25
percent of full scale, and capability ei-
ther of reading measurements at least
5 percent below zero or of offsetting the
zero by at least 5 percent. If the test
analyzer does not have an analog sig-
nal output, or if other types of meas-
urement data output are used, an alter-
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native measurement data recording de-
vice (or devices) may be used for the
tests, provided it is reasonably suited
to the nature and purposes of the tests
and an analog representation of the an-
alyzer measurements for each test can
be plotted or otherwise generated that
is reasonably similar to the analog
measurement recordings that would be
produced by a conventional chart re-
corder.

(b) Calibration of the test analyzer
shall be as indicated in the manual re-
ferred to in §53.4(b)(3) and as follows: If
the chart recorder does not have below
zero capability, adjust either the con-
trols of the test analyzer or the chart
recorder to obtain a +5% offset zero
reading on the recorder chart to facili-
tate observing negative response or
drift. If the candidate method is not ca-
pable of negative response, the test an-
alyzer (not recorder) shall be operated
with an offset zero. Construct and sub-
mit a calibration curve showing a plot
of recorder scale readings (ordinate)
against pollutant concentrations (ab-
scissa). A plot of output units (volts,
millivolts, milliamps, etc.) against pol-
lutant concentrations shall also be
shown for methods not including an in-
tegral chart recorder. All such plots
shall consist of at least seven (7) ap-
proximately equally spaced, identifi-
able points, including 0 and 90+5 per-
cent of full scale.

(c) Once the test analyzer has been
set up and calibrated and the tests
started, manual adjustment or normal
periodic maintenance is permitted only
every 3 days. Automatic adjustments
which the test analyzer performs by
itself are permitted at any time. The
submitted records shall show clearly
when any manual adjustment or peri-
odic maintenance was made and de-
scribe the operations performed.

(d) If the test analyzer should mal-
function during any of the performance
tests, the tests for that parameter
shall be repeated. A detailed expla-
nation of the malfunction, remedial ac-
tion taken, and whether recalibration
was necessary (along with all pertinent
records and charts) shall be submitted.
If more than one malfunction occurs,
all performance test procedures for all
parameters shall be repeated.
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(e) Tests for all performance param-
eters shall be completed on the same
test analyzer, except that use of mul-
tiple test analyzers to accelerate test-
ing will be permitted when alternate
ranges of a multi-range candidate
method are being tested.

[62 FR 38784, July 18, 1997, as amended at 75
FR 35599, June 22, 2010]

§53.22 Generation of test atmospheres.

(a) Table B-2 specifies preferred
methods for generating test
atmospheres and suggested methods of
verifying the concentrations. Only one
means of establishing the concentra-
tion of a test atmosphere is normally
required. If the method of generation
can produce reproducible concentra-
tions, verification is optional. If the
method of generation is not reproduc-
ible, then establishment of the con-
centration by some verification meth-

40 CFR Ch. | (7-1-11 Edition)

od is required. However, when a meth-
od of generation other than that given
in table B-2 is used, the test concentra-
tion shall be verified.

(b) The test atmosphere delivery sys-
tem shall be designed and constructed
s0 as not to significantly alter the test
atmosphere composition or concentra-
tion during the period of the test. The
delivery system shall be fabricated
from borosilicate glass or FEP Teflon.

(c) The output of the test atmosphere
generation system shall be sufficiently
stable to obtain stable response during
the required tests. If a permeation de-
vice is used for generation of a test at-
mosphere, the device, as well as the air
passing over it, shall be controlled to
+0.1 °C.

(d) All diluent air shall be zero air
free of contaminants likely to cause a
detectable response on the test ana-
lyzer.

TABLE B—2—TEST ATMOSPHERES

Test gas Generation

Verification

AMMONIa ..cooveeeieeee e
scribed in references 1 and
Carbon dioxide ...........ccceueeue

as
specified in Table B-3.

Carbon monoxide ...................

as
specified in Table B-3.

Permeation device. Similar to system de-

2.

Cylinder of zero air or nitrogen containing CO»
required to obtain the concentration

Cylinder of zero air or nitrogen containing CO
required to obtain the concentration

Indophenol method, reference 3.

Use NIST-certified standards whenever pos-
sible. If NIST standards are not available,
obtain 2 standards from independent
sources which agree within 2 percent, or ob-
tain one standard and submit it to an inde-
pendent laboratory for analysis, which must
agree within 2 percent of the supplier's
nominal analysis.

Use a FRM CO analyzer as described in ref-
erence 8.

Ethane

Ethylene

Hydrogen chloride

Hydrogen sulfide ...

Methane

Naphthalene

Cylinder of zero air or nitrogen containing eth-
ane as required to obtain the concentration
specified in Table B-3.

Cylinder of pre-purified nitrogen containing
ethylene as required to obtain the con-
centration specified in Table B-3.

Cylinder' of pre-purified nitrogen containing
approximately 100 ppm of gaseous HCL. Di-
lute with zero air to concentration specified
in Table B-3.

Permeation device system described in ref-
erences 1 and 2.

Cylinder of zero air containing methane as re-
quired to obtain the concentration specified
in Table B-3.

1. Permeation device as described in ref-
erences 1 and 2.

2. Cylinder of pre-purified nitrogen containing
100 ppm naphthalene. Dilute with zero air to
concentration specified in Table B-3.
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Gas chromatography, ASTM D2820, reference
10. Use NIST-traceable gaseous methane
or propane standards for calibration.

Do.

Collect samples in bubbler containing distilled
water and analyze by the mercuric
thiocyante method, ASTM (D612), p. 29, ref-
erence 4.

Tentative method of analysis for H,S content
of the atmosphere, p. 426, reference 5.

Gas chromatography ASTM D2820, reference
10. Use NIST-traceable methane standards
for calibration.

Use NIST-certified standards whenever pos-
sible. If NIST standards are not available,
obtain 2 standards from independent
sources which agree within 2 percent, or ob-
tain one standard and submit it to an inde-
pendent laboratory for analysis, which must
agree within 2 percent of the supplier's
nominal analysis.
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TABLE B—2—TEST ATMOSPHERES—Continued

Test gas Generation Verification
Nitric oxide ......ccccovrvrierinens Cylinder' of pre-purified nitrogen containing | Use NIST-certified standards whenever pos-
approximately 100 ppm NO. Dilute with zero sible. If NIST standards are not available,
air to required concentration. obtain 2 standards from independent

sources which agree within 2 percent, or ob-
tain one standard and submit it to an inde-
pendent laboratory for analysis, which must
agree within 2 percent of the supplier's
nominal analysis.

Nitrogen dioxide ..................... 1. Gas phase titration as described in ref- | 1. Use an FRM NO; analyzer calibrated with a

erence 6. gravimetrically calibrated permeation device.

2. Permeation device, similar to system de- | 2. Use an FRM NO. analyzer calibrated by

scribed in reference 6. gas-phase titration as described in reference
6.

Ozone ... Calibrated ozone generator as described in | Use an FEM ozone analyzer calibrated as de-
reference 9. scribed in reference 9.

Sulfur dioxide .........cccoeeiriinns 1. Permeation device as described in ref- | Use an SO, FRM or FEM analyzer as de-
erences 1 and 2. scribed in reference 7.

2. Dynamic dilution of a cylinder containing ap-
proximately 100 ppm SO, as described in
Reference 7.

Water ... Pass zero air through distilled water at a fixed | Measure relative humidity by means of a dew-
known temperature between 20° and 30 °C point indicator, calibrated electrolytic or
such that the air stream becomes saturated. piezo electric hygrometer, or wet/dry bulb
Dilute with zero air to concentration speci- thermometer.
fied in Table B-3.

Xylene ... Cylinder of pre-purified nitrogen containing 100 | Use NIST-certified standards whenever pos-
ppm xylene. Dilute with zero air to con- sible. If NIST standards are not available,
centration specified in Table B-3. obtain 2 standards from independent

sources which agree within 2 percent, or ob-
tain one standard and submit it to an inde-
pendent laboratory for analysis, which must
agree within 2 percent of the suppliers
nominal analysis.

VA=T (I 1| OO 1. Ambient air purified by appropriate scrub-

bers or other devices such that it is free of
contaminants likely to cause a detectable re-
sponse on the analyzer.

2. Cylinder of compressed zero air certified by
the supplier or an independent laboratory to
be free of contaminants likely to cause a de-
tectable response on the analyzer.

1 Use stainless steel pressure regulator dedicated to the pollutant measured.

Reference 1. O’Keefe, A. E., and Ortaman, G. C. “Primary Standards for Trace Gas Analysis,” Anal. Chem. 38, 760 (1966).

Refere(nce 2) Scaringelli, F. P., A. E. Rosenberg, E., and Bell, J. P., “Primary Standards for Trace Gas Analysis.” Anal. Chem.
42, 871 (1970).

Reference 3. “Tentative Method of Analysis for Ammonia in the Atmosphere (Indophenol Method)”, Health Lab Sciences, vol.
10, No. 2, 115-118, April 1973.

Reference 4. 1973 Annual Book of ASTM Standards, American Society for Testing and Materials, 1916 Race St., Philadelphia,
PA

Reference 5. Methods for Air Sampling and Analysis, Intersociety Committee, 1972, American Public Health Association, 1015.

Reference 6. 40 CFR 50 Appendix F, “Measurement Principle and Calibration Principle for the Measurement of Nitrogen Diox-
ide in the Atmosphere (Gas Phase Chemiluminescence).”

Reference 7. 40 CFR 50 Appendix A-1, “Measurement Principle and Calibration Procedure for the Measurement of Sulfur Di-
oxide in the Atmosphere (Ultraviolet Fluorscence).”

Reference 8. 40 CFR 50 Appendix C, “Measurement Principle and Calibration Procedure for the Measurement of Carbon
Monoxide in the Atmosphere” (Non-Dispersive Infrared Photometry)”.

Reference 9. 40 CFR 50 Appendix D, “Measurement Principle and Calibration Procedure for the Measurement of Ozone in the
Atmosphere”.

Reference 10. “Standard Test Method for C, through C5 Hydrocarbons in the Atmosphere by Gas Chromatography”, D 2820,
1987 Annual Book of Aston Standards, vol 11.03, American Society for Testing and Materials, 1916 Race St., Philadelphia, PA
19103.

(e) The concentration of each test at- (f) The accuracy of all flow measure-
mosphere shall be established and/or ments used to calculate test atmos-
verified before or during each series of phere concentrations shall be docu-
tests. Samples for verifying test con- mented and referenced to a primary
centrations shall be collected from the standard (such as a spirometer, bubble
test atmosphere delivery system as meter, etc.). Any corrections shall be

close as possible to the sample intake clearly shown. All flow measurements
port of the test analyzer.
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given in volume units shall be stand-
ardized to 25 °C. and 760 mm Hg.

(g) Schematic drawings and other in-
formation showing complete proce-
dural details of the test atmosphere
generation, verification, and delivery
system shall be provided. All pertinent
calculations shall be clearly indicated.

[40 FR 7049, Feb. 18, 1975, as amended at 40
FR 18168, Apr. 25, 1975; 75 FR 35599, June 22,
2010]

§53.23 Test procedures.

(a) Range—(1) Technical definition.
Nominal minimum and maximum con-
centrations which a method is capable
of measuring.

NoOTE: The nominal range is specified at
the lower and upper range limits in con-
centration units, for example, 0-0.5 p/m.

(2) Test procedure. Submit a suitable
calibration curve, as specified in
§53.21(b), showing the test analyzer’s
response over at least 95 percent of the
required range.

NOTE: A single calibration curve will nor-
mally suffice.

(b) Noise—(1) Technical definition.
Spontaneous, short duration deviations
in output, about the mean output,
which are not caused by input con-
centration changes. Noise is deter-
mined as the standard deviation about
the mean and is expressed in con-
centration units.

(2) Test procedure. (i) Allow sufficient
time for the test analyzer to warm up
and stabilize. Determine at two con-
centrations, first using zero air and
then a pollutant test gas concentration
as indicated below. The noise specifica-
tion in table B-1 shall apply to both of
these tests.

(ii) Connect an integrating-type dig-
ital meter (DM) suitable for the test
analyzer’s output and accurate to three
significant digits, to measure the ana-
lyzer’s output signal.

NoTE: Use of a chart recorder in addition
to the DM is optional.

(iii) Measure zero air for 60 minutes.
During this 60-minute interval, record
twenty-five (25) readings at 2-minute
intervals. (See Figure B-2 in appendix
A)

(iv) Convert each DM reading to con-
centration units (p/m) by reference to
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the test analyzer’s calibration curve as
determined in §53.21(b). Label the con-
verted DM readings 7y, 72, 73 . . . T . . .
T25.

(v) Calculate the standard deviation,
25
) -=
25

S, as follows:
2
s=\ i=1 { ]
\ 24 (

where i indicates the i-th DM reading in ppm.

(vi) Let S at 0 ppm be identified as So;
compare S, to the noise specification
given in table B-1.

(vii) Repeat steps (iii) through (vi) of
this section using a pollutant test at-
mosphere concentration of 80+5 percent
of the upper range limit (URL) instead
of zero gas, and let S at 80 percent of
the URL be identified as Sso. Compare
Sso to the noise specification given in
table B-1.

(viii) Both Sy and Sso must be less
than or equal to the specification for
noise to pass the test for the noise pa-
rameter.

(c) Lower detectable limit—(1) Tech-
nical definition. The minimum pollut-
ant concentration which produces a
signal of twice the noise level.

(2) Test procedure. (i) Allow sufficient
time for the test analyzer to warm up
and stabilize. Measure zero air and
record the stable reading in ppm as By.
(See Figure B-3 in appendix A.)

(ii) Generate and measure a pollutant
test atmosphere concentration equal to
the value for the lower detectable limit
specified in table B-1.

25

>

i=1

1

)2

plm)

NoTE: If necessary, the test atmosphere
concentration may be generated or verified
at a higher concentration, then accurately
diluted with zero air to the final required
concentration.

(iii) Record the test analyzer’s stable
indicated reading, in ppm, as B;.

(iv) Determine the Lower Detectable
Limit (LDL) as LDL = B, — Bz. Compare
this LDL value with the noise level, So,
determined in §53.23(b), for 0 con-
centration test atmosphere. LDL must
be equal to or higher than 2S, to pass
this test.
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(d) Interference equivalent—(1) Tech-
nical definition. Positive or negative re-
sponse caused by a substance other
than the one being measured.

(2) Test procedure. The test analyzer
shall be tested for all substances likely
to cause a detectable response. The
test analyzer shall be challenged, in
turn, with each interfering agent speci-
fied in table B-3. In the event that
there are substances likely to cause a
significant interference which have not
been specified in table B-3, these sub-
stances shall be tested at a concentra-
tion substantially higher than that
normally found in the ambient air. The
interference may be either positive or
negative, depending on whether the
test analyzer’s response is increased or
decreased by the presence of the
interferent. Interference equivalents

27
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shall be determined by mixing each
interferent, one at a time, with the pol-
lutant at the concentrations specified
in table B-3, and comparing the test
analyzer’s response to the response
caused by the pollutant alone. Known
gas-phase reactions that might occur
between an interferent and the pollut-
ant are designated by footnote 3 in
table B-3. In these cases, the inter-
ference equivalent shall be determined
in the absence of the pollutant.

(i) Allow sufficient time for warm-up
and stabilization of the test analyzer.

(ii) For a candidate method using a
prefilter or scrubber based upon a
chemical reaction to derive part of its
specificity, and which requires periodic
service or maintenance, the test ana-
lyzer shall be “conditioned” prior to
each interference test as follows:



40 CFR Ch. | (7-1-11 Edition)

§53.23

9ouaIBpBlUIl 10} dsuodsal
ojen[eAs pue ‘1eqqnios ay) Yoepeas ‘esuodsal 9|eds [N} B SOSNED Jey} UONBIIUSOUOD IS8} B 8Sh 4agqnios ay} aAowal ‘palijuenb Ajgyeindde ag jouued UOReUSdUOod IS8} suafeyydeu J| ‘9
'}$9) 9ouUdIBMaI SIY} wiopad ‘suogiedolpAy oljewole Jo [eAowal 1o Jaqgnios ainjeladwa)-pajeAs|d Ue saz||iin poyiaw a}epIpued j|
"anjeA pajels ay) Jo Jusdsad OLF 0} pasedaid aq isnw suolesUSoU0d JuEN|jod 9S8y IS8} J0) Pash Juein|jod Jo uonesusduoY

'soseo [eloads Se Jojessiuiwpy 8yl Aq paIapisuoo aq [im paisl| Jou sadA} JezAleuy -
"anfeA pajels au} Jo Jusdiad QLF O} Paj0suod pue pasedald 8 SN Pals| JUSISHAIUI JO SUOIBUSIUOD

S
v
‘Jueinjjod 8y} yim Xiw jou oq g
4
L

0S
0s

Olv
Olv

Olv
Olv

Oy
Olv

000°02
000°02

00002

00002
00002

00002
00002

00002

000°02¢

200

S0
S0

S0

800y

800+
800v
800+

0S.

S0
S0

S0

L0y
L'0v

S0

S0
S0

S0

L'0e
L'0e

L'0e
L'0e

aseyd
seb-ouawojoydosjoadsg
* |eolwayo01309|3
“(uon
-oeaJ 9Ap-oze) [edlwayd
1om-ouawojoydosjoads
* JusosaulWNjiWaY)
‘oujewoyoyd
AN-uswaoe|dal Ainoisy
90us9salony Yi
‘uonoslep
[ewuay}-uonsnquiod onAere
|ediwayo01109|3
*10}09}0p Uoljez|uol awel}
yum Aydeibojewoiyo sexn
paJeiu|
‘SYOQ pue uondiosqge
19101 N Bulpnjour ‘eseyd
seb-ouowojoydosjoadsg
“(epIp
-0l wnissejod) [eojwayd
1em-oujawojoydosioadg
|ediwayo01109|3
* JusosaulWNjWwaYy)
'Svoq Buipnjour ‘eseyd

............................ S0 L0y seb-oujewojoydoijoads
g0 V10w 10 20 " Auanonpuod
000°02¢ S0 S0 V0w 10 10 co [B01WdYd01108|3
‘(suieuesoseled) |[eolwayd
............................ 50 T e | g pos | 10 o 20 Jom-ouawojoydososds | < T0g
000002 | e [ | s 0GL | e | e S YRR I “ fydeiBoyewoiyp seq | 208
0000gs | e | e | e 0GL | e | e POy | 1000 | e | e ouewoloyd awely
G009 00002 20 S0 S0 S0 710y 1'0s 9oUddsBION]} 19|0IABLN
apIX0 aug| apIxolp apyins pioe
auaey} aue ° loden ! aus| | apIxolp | 8pIXo apIxolp el ey
ude | PUPHI | oy | G serem R eU0Z0 | A3 | uoqsed | ouuN %m,_ nying .oﬂmmx owwy | FOH odhy sozheuy -nllod

NOITTIA H3d S1HVd | ‘NOILYHINIONOD 1S3] INIHI4HIINI—E—g I1av]

28



Environmental Protection Agency

(A) Service or perform the indicated
maintenance on the scrubber or
prefilter as directed in the manual re-
ferred to in §53.4(b)(3).

(B) Before testing for each
interferent, allow the test analyzer to
sample through the scrubber a test at-
mosphere containing the interferent at
a concentration equal to the value
specified in table B-3. Sampling shall
be at the normal flow rate and shall be
continued for 6 continuous hours prior
to testing.

(iii) Generate three test atmosphere
streams as follows:

(A) Test atmosphere P: Pollutant
concentration.

(B) Test atmosphere I: Interference
concentration.

(C) Test atmosphere Z: Zero air.

(iv) Adjust the individual flow rates
and the pollutant or interferent gen-
erators for the three test atmospheres
as follows:

(A) The flow rates of test
atmospheres I and Z shall be identical.

(B) The concentration of pollutant in
test atmosphere P shall be adjusted
such that when P is mixed (diluted)
with either test atmosphere I or Z, the
resulting concentration of pollutant
shall be as specified in table B-3.

(C) The concentration of interferent
in test atmosphere I shall be adjusted
such that when I is mixed (diluted)
with test atmosphere P, the resulting
concentration of interferent shall be
equal to the value specified in table B-
3.

(D) To minimize concentration errors
due to flow rate differences between I
and Z, it is recommended that, when
possible, the flow rate of P be from 10
to 20 times larger than the flow rates
of I and Z.

(v) Mix test atmospheres P and Z by
passing the total flow of both
atmospheres through a mixing flask.

(vi) Sample and measure the mixture
of test atmospheres P and Z with the
test analyzer. Allow for a stable read-
ing, and record the reading, in con-
centration units, as R (see Figure B-3).

(vii) Mix test atmospheres P and I by
passing the total flow of both
atmospheres through a mixing flask.

(viii) Sample and measure this mix-
ture. Record the stable reading, in con-
centration units, as R;.
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(ix) Calculate the interference equiv-
alent (IE) as:

IE=R;—R

IE must be equal to or less than the
specification given in table B-1 for
each interferent to pass the test.

(x) Follow steps (iii) through (ix) of
this section, in turn, to determine the
interference equivalent for each
interferent.

(xi) For those interferents which can-
not be mixed with the pollutant, as in-
dicated by footnote (3) in table B-3, ad-
just the concentration of test atmos-
phere I to the specified value without
being mixed or diluted by the pollutant
test atmosphere. Determine IE as fol-
lows:

(A) Sample and measure test atmos-
phere Z (zero air). Allow for a stable
reading and record the reading, in con-
centration units, as R.

(B) Sample and measure the
interferent test atmosphere I. If the
test analyzer is not capable of negative
readings, adjust the analyzer (not the
recorder) to give an offset zero. Record
the stable reading in concentration
units as R;, extrapolating the calibra-
tion curve, if necessary, to represent
negative readings.

(C) Calculate IE=R;—R. IE must be
equal to or less than the specification
in table B-1 to pass the test.

(xii) Sum the absolute value of all
the individual interference equivalents.
This sum must be equal to or less than
the total interferent specification
given in table B-1 to pass the test.

(e) Zero drift, span drift, lag time, rise
time, fall time, and precision—(1) Tech-
nical definitions—(i) Zero drift: The
change in response to zero pollutant
concentration, over 12- and 24-hour pe-
riods of continuous unadjusted oper-
ation.

(ii) Span drift: The percent change in
response to an up-scale pollutant con-
centration over a 24-hour period of con-
tinuous unadjusted operation.

(iii) Lag time: The time interval be-
tween a step change in input con-
centration and the first observable cor-
responding change in response.

(iv) Rise time: The time interval be-
tween initial response and 95 percent of
final response after a step increase in
input concentration.
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(v) Fall time: The time interval be-
tween initial response and 95 percent of
final response after a step decrease in
input concentration.

(vi) Precision: Variation about the
mean of repeated measurements of the
same pollutant concentration, ex-
pressed as one standard deviation
about the mean.

(2) Tests for these performance pa-
rameters shall be accomplished over a
period of seven (7) or more days. Dur-
ing this time, the line voltage supplied
to the test analyzer and the ambient
temperature surrounding the analyzer
shall be varied from day to day. One
test result for each performance pa-
rameter shall be obtained each test
day, for seven (7) or fifteen (15) test
days as necessary. The tests are per-
formed sequentially in a single proce-
dure.

(3) The 24-hour test day may begin at
any clock hour. The first 12 hours out
of each test day are required for test-
ing 12-hour zero drift. Tests for the
other parameters shall be conducted
during the remaining 12 hours.

(4) Table B-4 specifies the line volt-
age and room temperature to be used
for each test day. The line voltage and
temperature shall be changed to the
specified values at the start of each
test day (i.e., at the start of the 12-hour
zero test). Initial adjustments (day
zero) shall be made at a line voltage of
115 volts (rms) and a room temperature
of 25 °C.

(5) The tests shall be conducted in
blocks consisting of 3 test days each
until 7 or 15 test results have been ob-
tained. (The final block may contain
fewer than three test days.) If a test is
interrupted by an occurrence other

40 CFR Ch. | (7-1-11 Edition)

than a malfunction of the test ana-
lyzer, only the block during which the
interruption occurred shall be re-
peated.

(6) During each block, manual adjust-
ments to the electronics, gas, or rea-
gent flows or periodic maintenance
shall not be permitted. Automatic ad-
justments which the test analyzer per-
forms by itself are permitted at any
time.

(7) At least 4 hours prior to the start
of the first test day of each block, the
test analyzer may be adjusted and/or
serviced according to the periodic
maintenance procedures specified in
the manual referred to in §53.4(b)(3). If
a new block is to immediately follow a
previous block, such adjustments or
servicing may be done immediately
after completion of the day’s tests for
the last day of the previous block and
at the voltage and temperature speci-
fied for that day, but only on test days
3, 6,9, and 12.

NoOTE: If necessary, the beginning of the
test days succeeding such maintenance or
adjustment may be delayed as necessary to
complete the service or adjustment oper-
ation.

(8) All response readings to be re-
corded shall first be converted to con-
centration units according to the cali-
bration curve. Whenever a test atmos-
phere is to be measured but a stable
reading is not required, the test atmos-
phere shall be measured long enough to
cause a change in response of at least
10% of full scale. Identify all readings
and other pertinent data on the strip
chart. (See Figure B-1 illustrating the
pattern of the required readings.)

TABLE B—4—LINE VOLTAGE AND ROOM TEMPERATURE TEST CONDITIONS

. Room tem-
Test day :ég%vgg's peraotgre, 2 Comments

115 25 | Initial set-up and adjustments.
125 20
105 20
125 30 | Adjustments and/or periodic maintenance permitted at end of tests.
105 30
125 20
105 20 | Adjustments and/or periodic maintenance permitted at end of tests.
125 30 | Examine test results to ascertain if further testing is required.
105 30
125 20 | Adjustments and/or periodic maintenance permitted at end of tests.
105 20
125 30
105 30 | Adjustments and/or periodic maintenance permitted at end of tests.
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TABLE B—4—LINE VOLTAGE AND ROOM TEMPERATURE TEST CONDITIONS—Continued
: Room tem-
Test day ;é’;ﬁvﬁg's peraotgre, 2 Comments
125 20
105 20
125 30
1Voltage specified shall be controlled to +1 volt.

2Temperature specified shall be controlled to +1 °C.
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Figure B-1. Example showing the nature of the tracing obtained during
the test for drift, lag time, rise time, fall time, and
precision. The time scale has been greatly compressed.

(9) Test procedure. (i) Arrange to gen- Test atmosphere Pollutant concentration (per-
erate pollutant test atmospheres as fol- cent)
lows:

Zero air.
. | 2045 of the upper range limit.
3045 of the upper range limit.
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Pollutant concentration (per-
cent)

Test atmosphere

8015 of the upper range limit.
9045 of the upper range limit.

Test atmospheres Ao, 4z, and Ago shall
be consistent during the tests and from
day to day.

(ii) For steps (xxv) through (xxxi) of
this section, a chart speed of at least 10
centimeters per hour shall be used. The
actual chart speed, chart speed
changes, and time checks shall be
clearly marked on the chart.

(iii) Allow sufficient time for test an-
alyzer to warm up and stabilize at a
line voltage of 115 volts and a room
temperature of 25 °C. Recalibrate, if
necessary, and adjust the zero baseline
to 5 percent of chart. No further ad-
justments shall be made to the ana-
lyzer until the end of the tests on the
third day.

(iv) Measure test atmosphere A4y until
a stable reading is obtained, and record
this reading (in ppm) as Z’,, where n =
0 (see Figure B4 in appendix A).

(v) Measure test atmosphere Aj.
Allow for a stable reading and record it
as M',, where n = 0.

(vi) Measure test atmosphere Asgo.
Allow for a stable reading and record it
as S’n, where n = 0.

(vii) The above readings for Z’o, Mo,
and S’ should be taken at least four (4)
hours prior to the beginning of test day
1.

(viii) At the beginning of each test
day, adjust the line voltage and room
temperature to the wvalues given in
table B—4.

(ix) Measure test atmosphere 4o con-
tinuously for at least twelve (12) con-
tinuous hours during each test day.

(x) After the 12-hour zero drift test
(step ix), sample test atmosphere A4p. A
stable reading is not required.

(xi) Measure test atmosphere A4, and
record the stable reading (in ppm) as
P,. (See Figure B4 in appendix A.)

(xii) Sample test atmosphere A;o; a
stable reading is not required.

(xiii) Measure test atmosphere Ao
and record the stable reading as P-.

(xiv) Sample test atmosphere Ao; a
stable reading is not required.

(xv) Measure test atmosphere 4, and
record the stable reading as Ps.
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(xvi) Sample test atmosphere Aszp; a
stable reading is not required.

(xvii) Measure test atmosphere Ao
and record the stable reading as Pa.

(xviii) Sample test atmosphere Ao; a
stable reading is not required.

(xix) Measure test atmosphere Ao
and record the stable reading as Ps.

(xx) Sample test atmosphere Asp; a
stable reading is not required.

(xxi) Measure test atmosphere A,
and record the stable reading as Pe.

(xxii) Measure test atmosphere Az
and record the stable reading as P;.

(xxiii) Sample test atmosphere Aqgo; a
stable reading is not required.

(xxiv) Measure test atmosphere Ago
and record the stable reading as Pg. In-
crease chart speed to at least 10 centi-
meters per hour.

(xxv) Measure test atmosphere Ao.
Record the stable reading as L.

(xxvi) Quickly switch the test ana-
lyzer to measure test atmosphere Ago
and mark the recorder chart to show
the exact time when the switch oc-
curred.

(xxvii) Measure test atmosphere Ao
and record the stable reading as Pso.

(xxviii) Sample test atmosphere Aoo;
a stable reading is not required.

(xxix) Measure test atmosphere Ago
and record the stable reading as Pio.

(xxx) Measure test atmosphere 4o and
record the stable reading as L.

(xxxi) Measure test atmosphere Asgo
and record the stable reading as Py;.

(xxxii) Sample test atmosphere Ag; a
stable reading is not required.

(xxxiii) Measure test atmosphere Ago
and record the stable reading as Pio.

(xxxiv) Repeat steps (viii) through
(xxxiii) of this section, each test day.

(xxxv) If zero and span adjustments
are made after the readings are taken
on test days 3, 6, 9, or 12, complete all
adjustments; then measure test
atmospheres Ao, Aso, and Azy. Allow for
a stable reading on each, and record
the readings as Z.S,., and M, respec-
tively, where n = the test day number.

(10) Determine the results of each
day’s tests as follows. Mark the re-
corder chart to show readings and de-
terminations.

(i) Zero drift. (A) 12-hour. Examine
the strip chart pertaining to the 12-
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hour continuous zero air test. Deter-
mine the minimum (Cmin.) and max-
imum (Cmax.) readings (in p/m) during
this period of 12 consecutive hours, ex-
trapolating the calibration curve to
negative concentration units if nec-
essary. Determine the 12-hour gzero
drift (12ZD) as 12ZD = Cmax. — Cmin. (See
Figure B-5 in appendix A.)

(B) Calculate the 24-hour zero drift
(24ZD) for the n-th test day as 24ZD,, =
Zow—Znw_1, Or 24ZD, = Z,—Z',_, if zero
adjustment was made on the previous
day, where Z, = Y.(Li,+L) for L, and L,
taken on the n-th test day.

(C) Compare 12ZD and 24ZD to the
zero drift specification in table B-1.
Both 12ZD and 24ZD must be equal to
or less than the specified value to pass
the test for zero drift.

(i1) Span drift. (A) Span drift at 20
percent of URL (MSD)

M,-M
MSD, = —"——"-Lx100%
Mn—]

M, - M
MSD, = —"——"=L x 100%
Mn—]

If span adjustment was made on the
previous day, where

M,==YP

6
=1

|~

l

n indicates the n-th test day, and i in-
dicates the i-th reading on the n-th
day.

(B) Span drift at 80 percent of URL
(USD):

USD, = %

n—1

x 100%

or

S,

n

= 2" Pn=l o 100%
S,

n—1

USD,

n

If span adjustment was made on the
previous day, where

—_

2

Sy = B
7

AN | =

i=
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n indicates the n-th test day, and i in-
dicates the i-th reading on the n-th test
day.

(C) Both USD and MSD must be equal
to or less than the respective specifica-
tions given in table B-1 to pass the test
for span draft.

(iii) Lag time. Determine, from the
strip chart, the elapsed time in min-
utes between the mark made in step
(xxvi) and the first observable (two
times the noise level) response. This
time must be equal to or less than the
time specified in table B-1 to pass the
test for lag time.

(iv) Rise time. Calculate 95 percent of
reading Po and determine from the re-
corder chart, the elapsed time between
the first observable (two times noise
level) response and a response equal to
95 percent of the Py reading. This time
must be equal to or less than the rise
time specified in table B-1 to pass the
test for rise time.

(v) Fall time. Calculate five percent of
(P1o—L») and determine, from the strip
chart, the elapsed time in minutes be-
tween the first observable decrease in
response following reading P;o and a re-
sponse equal to five percent of
(P1o—L»). This time must be equal to or
less than the fall time specification in
table B-1 to pass the test for fall time.

(vi) Precision. Calculate precision (P»o
and Pgo) for each day’s test as follows:

(A)

Py = l iPiz_l iPi 2

‘ \5_1‘:1 6\io ]
(B)

Py = l_ipl?_l ipi ’

\5_1‘:7 65 ]

(C) Both P>y and Pgo must be equal to
or less than the specification given in
table B-1 to pass the test for precision.

[40 FR 7049, Feb. 18, 1975, as amended at 41

FR 52694, Dec. 1, 1976; 75 FR 35600, June 22,
2010]
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APPENDIX A TO SUBPART B OF PART 53—
OPTIONAL FORMS FOR REPORTING
TEST RESULTS

TABLE B-5—SYMBOLS AND ABBREVIATIONS

Analyzer reading at specified LDL concentra-
tion.

B. Analyzer reading at O concentration for LDL
test.

DM Digital meter.

Cinax - Maximum analyzer reading during 122D test.

Chnin - Minimum analyzer reading during 122D test.

Subscript indicating the ith quantity in a series.

Interference equivalent.

First analyzer zero reading for 24ZD test.

Second analyzer zero reading for 24ZD test.

Average of P, . .. Ps for the n-th test day.

Adjusted span reading at 20 percent of URL on
the n-th test day.

Span drift at 20 percent of URL.

Subscript indicating the test day number.

Analyzer reading for precision test.

The ith analyzer reading for precision test.
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TABLE B-5—SYMBOLS AND ABBREVIATIONS—
Continued

Precision at 20 percent of URL.

Precision at 80 percent of URL.

Analyzer reading of pollutant alone for /E test.

Analyzer reading with interferent added for IE
test.

The i-th DM reading for noise test.

Standard deviation of noise readings.

Noise value (S) measured at 0 concentration.

Noise value (S) measured at 80 percent of
URL.

Average of P; . .. P, for the n-th test day.

Adjusted span reading at 80 percent of URL on
the n-th test day.

Upper range limit.

Span drift at 80 percent o

Average of L; and L.

Average of L, and L, on the n-th test day.

Adjusted zero reading on the n-th test day.

Zero drift.

12-hour zero drift.

24-hour zero drift.

Pso .
R ..
R ..

Sso -
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Date

Applicant
Test No.

Analyzer

Range

READING
NUMBER
(M)

0% of URL

80% of URL

TIME

DM
READING

Tj, ppm

DM
READING

fj, ppm

o|iNjojo]ls |0 IN] =

\
AN

=
/:‘“

7%

SBO =

Figure B-2. Form for noise data.
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[40 FR 7049, Feb.

Subpart C—Procedures for Deter-
mining Comparability Be-
fween Candidate Methods
and Reference Methods

SOURCE: 71 FR 61278, Oct. 17, 2006, unless
otherwise noted.

40

18, 1975, as amended at 40 FR 18169, Apr. 25, 1975]

§53.30 General provisions.

(a) Determination of comparability. The
test procedures prescribed in this sub-
part shall be used to determine if a
candidate method is comparable to a
reference method when both methods
measure pollutant concentrations in
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